INTRODUCTION
Aging is defined as a progressive loss of the efficacy of biochemical and physiological processes that occur until death 1 . A number of theories have been introduced to explain the aging process. One theory is that the abnormal accumulation of biological waste products in the organism is responsible for organ or tissues senescence 2, 3 .
Glycation is a spontaneous non-enzymatic reaction of free reducing sugars with free amino groups of proteins, DNA, and lipids that forms Amadori products. The Amadori products undergo a variety of irreversible dehydration and rearrangement reactions that lead to the formation of advanced glycation end products (AGEs). This process was first introduced by Louis-Camille Maillard in 1912 4 . The glycation process leads to a loss of protein function and impaired elasticity of tissues such as blood vessels, skin, and tendons 5-7 . The glycation reaction is highly accelerated in the presence of hyperglycemia and tissue oxidative stress 8 . This implicates it in the pathogenesis of diabetic complications and aging 9 . Because there are no enzymes to remove glycated products from the human body, the glycation process matches well with the theory that the accumulation of metabolic waste promotes aging.
Oxidative stress has a very important role in the mechanism by which AGEs form and accumulate, and has been implicated as a key factor in the progression of various diseases, including chronic diseases such as diabetes, Alzheimer's disease, and aging 10-12 . Oxidative stress, more specifically oxidative damage to proteins, is increasingly thought to play a central mechanistic role in this context, as it is associated with modifications in the activities of biological compounds and cellular processes that may be linked to a pathological environment. Oxidative stress is fueled by the generation of excessive reactive oxygen species (ROS) from glucose autoxidation, and also the nonenzymatic, covalent attachment of glucose molecules to circulating proteins that result in the formation of AGEs 13 .
Naturally occurring phytochemicals and products are relatively safe for human consumption as compared to synthetic compounds, and are relatively inexpensive and available in orally ingestible forms. The search for an inhibitor of AGE formation has identified [Purpose] Advanced glycation end products (AGEs) are non-enzymatic modifications of proteins or lipids after exposure to sugars. In this review, the glycation process and AGEs are introduced, and the harmful effects of AGEs in the aging process are discussed.
[Methods] Results from human and animal studies examining the mechanisms and effects of AGEs are considered. In addition, publications addressing means to attenuate glycation stress through AGE inhibitors or physical exercise are reviewed.
[Results] AGEs form in hyperglycemic conditions and/or the natural process of aging. Numerous publications have demonstrated acceleration of the aging process by AGEs. Exogenous AGEs in dietary foods also trigger organ dysfunction and tissue aging. Various herbal supplements or regular physical exercise have beneficial effects on glycemic control and oxidative stress with a consequent reduction of AGE accumulation during aging.
[Conclusion] The inhibition of AGE formation and accumulation in tissues can lead to an increase in lifespan.
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Journal of Exercise Nutrition & Biochemistry several natural products that prevent the glycation process. A number of medical herbs, dietary plants, and phytocompounds inhibit protein glycation both in vitro and in vivo 14 . These natural products with high antioxidant capacity may be promising agents for the prevention of glycation and AGE formation. Their anti-AGE activity may be one mechanism of their beneficial actions on human health 15 .
Numerous previous reports indicate that the gradual decrease in systemic antioxidant capacity is the casuse of biological aging 16 . Other evidence supports the wide consensus that physical exercise improves systemic antioxidant activity 17 . Physical exercise can decrease oxidative stress in rodent animal models 18, 19 . Moderate physical exercise induces the expression of antioxidant enzymes, leading to the reduction of oxidative stress 20 . Additionally, regular physical exercise reduces AGE levels in renal tissues of obese Zucker rats 21 and has a beneficial effect on glycemic control in patients with diabetes 22 . Therefore, physical exercise may be a powerful weapon against AGE formation and AGE-related aging processes.
In this review, we discuss the implication of AGEs on the aging process. We also consider the potential inhibitory activity of herbal products and physical exercise in age-related organ dysfunction induced by glycation and/ or AGEs, and the underling mechanisms.
DEFINITION of GLYCATION and AGEs
AGEs were initially identified in the cooking process as the result of a nonenzymatic reaction between sugars and proteins within foods; this reaction is called the Maillard reaction 4 . The glycation process is initiated by a chemical reaction between the reactive carbonyl group of a sugar or an aldehyde with a nucleophilic free amino group of a protein, leading to the rapid formation of an unstable Schiff base. This adduct then undergoes rearrangement to form a reversible and more stable Amadori product. These intermediate products undergo further irreversible oxidation, dehydration, polymerization, and cross-linking reactions resulting in the formation of AGEs over the course of several days to weeks (Figure 1 ). Some important AGE compounds are shown in Figure 2 .
ROLE of AGEs DURING AGING
The accumulation of glycated macromolecules, including proteins, is a hallmark of aging both in humans and experimental animals. The accumulation of AGEs was shown in Drosophila melanogaster and Caenorhabditis elegans. The content of AGEs in young (10 days old) D. melanogaster flies is 44% lower than in senescent (75 days old) flies 23 . C. elegans grown under high glucose conditions (40 mM) have a shortened lifespan and increased AGE content 24 . Table 1 shows the available evidence for the accumulation of AGEs during aging and in different pathologies.
Glycation is one of the endogenous aging mechanisms that occurs spontaneously with time, but also in a pathological manner during diabetes, renal failure, and inflammation 25 . AGEs are highly accumulated in tissues and organs in numerous age-related degenerative diseases. These toxic adducts (glycotoxins) are implicated in cell dysfunction, especially in diabetic patients and older organisms. AGE formation and accumulation in diabetic patients results in vascular alterations leading to diabetic vasculopathy.
There are three major mechanisms by which AGEs induce injury to the extracellular matrix (ECM) and cells, thereby contributing to aging and age-related diseases: (1) accumulation of AGEs within the ECM (such as collagen and elastic fibers) and cross-linking between Glycation of extracellular proteins induces the cross-linking of collagen and elastic fibers. As a consequence, elasticity of the ECM is altered, affecting especially vascular functions. There is a marked correlation between the serum concentration of N-(carboxymethyl)-lysine (CML) and vessel stiffness in elderly individuals 27 . Altering the balance between synthesis and degradation of ECM by glycated modifications may accelerate skin aging and increase skin stiffness 28 . Furthermore, cross-linking between AGEs and collagen impairs the mechanical properties of collagen. In particular, the cross-linking of AGEs with collagen of the vascular wall alters its structure and function, facilitating plaque formation and basement membrane hyperplasia 29 .
Glycation also affects intracellular proteins. Intra- 
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Journal of Exercise Nutrition & Biochemistry cellular AGE-modification of signaling molecules may impair cellular functions and gene expression 30 . For example, the activities of several antioxidant enzymes, including catalase, glutathione peroxidase, and glutathione reductase, are reduced by glycated modifications. Alterations of these enzyme activities increases cellular oxidative stress 31, 32 . In addition, glycated proteins are usually removed via ubiquitin-dependent 20S proteasome-mediated proteolysis. AGE-modifications can disturb this proteolytic degradation, contributing to a further increase in the cellular content of glycated proteins 33 . RAGE is the best-characterized cell surface molecule that recognizes AGEs. The interaction between an AGE and its receptor alters cell and organ functions mainly through inflammatory molecules, leading to aging. RAGE regulates a number of cell processes of crucial importance such as inflammation, apoptosis, ROS signaling, proliferation, autophagy, and aging 34, 35 .
DIETARY AGEs
Endogenous glycation reactions occur spontaneously with a small proportion of intestinally absorbed sugars 36 . However, food is an important source of exogenous AGEs. The role of dietary AGEs and their interaction with RAGE during aging has been demonstrated recently 37 . The Maillard reaction is often used to improve the color, flavor, aroma, and texture of foods. However, significant generation of AGEs occurs when sugars are cooked with proteins 38 . In a mouse model, feeding an AGE-rich diet for 16 weeks promoted a 53% increase in the serum levels of AGEs 39 . Uribarri et al. reported that, in renal failure patients, there was a 29% increase in CML levels in the blood of those subjected to an AGE-rich diet, while a 34% reduction of CML was detected in the group fed a low AGE diet 40 . In a mouse model, a 9-month dietary exposure to CML accelerated endothelial dysfunction and arterial aging. These results suggest that a diet restricting AGEs could be an effective way to reduce the AGE burden in the human body.
AGE INHIBITORS
There is considerable interest in the therapeutic potential of agents that can inhibit the formation of AGEs or break AGE-mediated cross-links 41, 42 . Several synthetic or natural agents have been proposed as AGE inhibitors.
Aminoguanidine was first introduced as an AGE inhibitor 43 . AGE inhibitors, including aminoguanidine and pyridoxamine, prevent AGE accumulation by interacting with the highly reactive carbonyl species and acting as carbonyl traps 44, 45 . In previous reports, aminoguanidine prevented diabetic renal, retinal, and neural complications through the inhibition of AGE formation 46 . However, due to safety concerns resulting from its adverse effects, including pro-oxidant activities 47 and inhibition of NO synthase 48 , aminoguanidine cannot be used clinically 49 .
Recently, several researchers have suggested that a novel agent can destroy preformed AGE-derived protein cross-links. The first identified AGE breaker, N-phenacylthiazolium bromide, was introduced in 1996. Because N-phenacylthiazolium bromide is unstable in vitro, it was not clinically successful. Another compound, alagebrium 50 , was developed as an AGE breaker. Alagebrium could reverse AGE accumulation in vivo 51 . However, clinical studies on these compounds were terminated and none of the known AGE breakers are in clinical use.
Herbal products are generally recognized as relatively safe for human consumption, compared with synthetic drugs. Thus, the search for anti-AGE agents using herbal products has been increasing 52 . Many herbal products have potent anti-glycation activities, and these activities are similar or even stronger than aminoguanidine. For example, several polyphenols can inhibit the glycation process in vitro. Flavonoids are the major class of polyphenols. Anti-glycation properties of various flavonoids, such as kaempferol, genistein, quercitrin, and quercetin, have been reported [53] [54] [55] [56] . Recently, we demonstrated a potent AGE breaking property of epicatechin in vitro and in vivo. This compound destroyed preformed glycated serum albumin in vitro and decreased AGE accumulation in retinal tissues of rats injected with exogenous AGE 42 . In the AGE structure, side chains attached to the pyrrole ring carbons are susceptible to nucleophilic attack 57 . Because C6 and C8 on the A-ring of epicatechin are nucleophilic 58 , epicatechin can attack and destroy the AGE cross-links.
EFFECT of PHYSICAL EXERCISE on AGEs
Many previous reports have shown the ability of physical activity to improve glycemic control, with a consequent reduction of AGE accumulation in diabetic patients and during aging 36, 59 . In a rat model, 12 weeks of moderate physical exercise reduced the contents of CML and RAGE in aortic vessels 60 . Another study showed that rats subjected to treadmill exercise from late middle age to 35 months old had reduced AGE levels in cardiac tissues compared to age-matched control animals 61 . In human subjects, life-long trained athletes had 21% lower contents of AGE cross-links in the patellar tendon compared to age-matched untrained subjects 62 . Recently, we also showed the positive effect of regular exercise on the renal accumulation of AGEs. Specifically, regular exercise significantly prevented renal AGE deposition in D-galactose-induced aging rats. We also showed that treadmill exercise reduced CML accumulation and had retinoprotective effects in natu-
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Regular physical activity has beneficial contributions to physical capacity, hypertension, oxidative stress, and lipid metabolism 64, 65 . Especially, physical exercise effectively inhibits ROS generation and improves the activities of antioxidant enzymes 66 . The higher energy demands induced by physical exercise might reduce the pool of reactive intermediates available for glycation 21 .
Because the protein glycation reaction is driven and accelerated by ROS, the inhibition of AGE formation by regular exercise may be the main mechanism of exercise-associated antioxidant activity. Additionally, AGE formation can be retarded or attenuated through efficient glycemic control 67 . Therefore, it can be assumed that regular physical exercise also can improve glycemic control, which attenuates the formation and accumulation of AGEs in tissues.
CONCLUSION
In this review, we provide insights into the anti-glycation activities of herbal products and physical exercise. There is extensive scientific evidence documenting the accumulation of AGEs with aging and age-related diseases. Thus, we suggest that inhibiting the glycation process and removing existing glycation products may prolong the lifespan. In this sense, dietary herbal supplements or physiological exercise may be distinctly advantageous in reducing the burden of AGEs in our body.
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